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ABSTRACT
Antibiotic sensitiv ity  stud ies showed that the combination of 
tetracycline  and sulfathiazole effectively inhibited the grow th of all 
opportunistic  bacteria l pathogens associated with septicem ia in  the 
Louisiana b u llfro g , Rana ca tesbeiana . T his antibiotic combination 
was successfully  used in  the treatm ent of d iseased  tadpoles by  in tro ­
ducing  100 p g  /  ml of each antibiotic into the maintenance w a te r . T h is 
method significantly  lowered tissue  bacterial counts d u rin g  the firs t 
24 hours of treatm ent and maintained significantly  lower in testinal 
bacteria l counts for 96 h o u rs . The use  of dimethyl sulfoxide as a 
tran sp o rtin g  agent for de livery  of antibiotics into the tadpole tis su es  
was contraindicated because it proved to be e ither harm ful to the 
animal o r did not increase  the overall effectiveness of the antibiotic 
trea tm en t.
Flowing maintenance w ater containing e ither fed o r non-fed 
tadpoles significantly  reduced  environm ental bacteria l n u m b ers .
Static maintenance w ater containing non-fed tadpoles had significantly  
fewer num bers of bacteria  than in  static  w ater containing fed tad p o les . 
The presence of DMSO a n d /o r antibiotics in static  m aintenance w ater 
had no significant effect on environm ental bacteria l num bers d u rin g  
the firs t 24 hours of trea tm en t. To prevent disease outbreaks tadpoles 
w ere fed and maintained in  uncrow ded flowing w ater co n ta in e rs . T ad­
poles showing clinical signs of septicemia were immediately iso la ted , 
trea ted  with the antibiotic combination in static  w ater containers, and 
starved  throughout the treatm ent period un til recovery  became a p p a re n t.
vii
INTRODUCTION
Advances in understand ing  the ro le  of d isease  in lim iting the 
num bers of fresh  w ater and m arine anim als can be achieved from the 
clin ical evaluation of d iseased animals in  c ap tiv ity . T h is is  especially  
tru e  of infectious d iseases which may e ith er cause mass k ills  o r con­
tinued a ttrition  of valuable specim ens in  commercial popu lations. 
Infectious d ise a se s , easily  introduced w ith aquatic  anim als taken 
from th e ir  na tu ra l h a b ita ts , may flourish  in  an artific ial environm ent 
for the following reasons: 1. increased  effectiveness of transm ission  
from animal to animal in a res tric ted  a re a , 2. h ig h er environm ental 
tem peratures in  the artificial environm ent, and 3. inadequate d iet and 
space w ith the consequent reduction in  re s is ta n c e . F u rtherm ore , the 
total s tre ss  of overcrow ding in an unna tu ra l environm ent is  likely to 
favor d isease o u tb reak s .
With the grow ing in te res t in  the farm ing of fro g s , crustaceans,and  
fin -fish e s , th e re  is  a concurren t need to cope with d isease  problem s 
that a re  certain  to develop . M oreover, d isease  control must be a high 
p rio rity  consideration in  the development of the commercial biological 
specimen supply  in d u s try . F ro g s , used  extensively  as experim ental 
animals in  various fields of re sea rch , a re  subject to m ass mortality 
under both na tu ra l and laboratory  cond itions, because of th e ir su s -  
ceptability  to v iru se s  and epidemic forms of b acteria l septicem ia 
usually  accompanied by a cutaneous u lcerative  d ise a se . Frog septicem ia
has been responsib le  for the overnight loss of thousands of commercial 
an im als. In 1971, for exam ple, major su p p lie rs  lost 50 percen t of th e ir  
stock in  holding pens (Gibbs et a l . 1971) .
In the y ea rs  1971-74, septicem ic frog d isease severe ly  reduced  pond 
and laboratory  populations of the Louisiana bullfrog  (Rana catesbeiana) . 
B acteriological analyses of septicemic frogs in  o ther laboratories have 
shown that Aeromonas hyd ro p h ila , Aeromonas punc ta ta , A lkaligenes 
faeca lis , Pseudomonas fluo rescens, Mima polym orpha, Staphylococcus 
ep iderm id is, and C itrobacter freundii could be isolated from d iseased  
frogs in indiv idual epidem ics (M iles, 1950; Gibbs et a l . ,  1966; R eichenbach- 
Klinke and E lkan, 1965; and Glorioso et a l . , 1974c) . Although it was 
suggested  that A . hydrophila  and Mima polym orpha w ere the major 
pathogens of M idwestern frogs (Gibbs et a l . ,  1966), only a low incidence 
of Aeromonas hydrophila  infections w ere observed among septicem ic 
Louisiana bullfrogs (Glorioso et a l . , 1974c). Mima polym orpha and a 
Flavobacterium  s p . w ere the major pathogens isolated from the blood of 
d iseased  Louisiana b u llfro g s , and a Corynebacterium  s p . was observed 
in  tissue  a b sc e sse s . F u rtherm ore , d iseased  tadpoles showed a high 
incidence of Proteus s p p . in fections.
A successful technique for the treatm ent of d iseased  frogs was r e ­
ported  by Gibbs (1963) and Gibbs et a l . (1966). T his treatm ent involved 
giving each frog 5 mg of tetracycline for each 30 gram s of body weight 
tw ice daily for 5 days by stomach tu b e . H ow ever, Amborski and 
Glorioso (1973) reported  that some bacteria l pathogens of frogs w ere
res is tan t to te tracy c lin e . F u rth e rm o re , the method repo rted  by  Gibbs 
proved to be cumbersome and not applicable to the treatm ent of d iseased  
tadpo les. Since 70 percen t of the m ortalities observed  in  our laboratory  
occurred  among m etam orphosing an im als , it became evident that a more 
practical method of treatm ent for d iseased  tadpoles had to be developed . 
T his rep o rt p resen ts  the re su lts  of ou r search  for an effective method of 
treatm ent for d iseased  tad p o les .
SELECTED LITERATURE
I. Aeromonas hydrophila
One of the earlie st descrip tions of epidemic bacteria l septicem ia among 
frogs was reported  by S anarelli (1891) . He isolated a bacillus from the 
maintenance w ater and various o rgans of d iseased  laboratory  frogs which 
upon inoculation into healthy adult frogs produced a fatal septicem ia. He 
named the organism  Bacillus hydroph ilus fuscus and described  the  isolate as 
a gram n eg a tiv e , non-spore-form ing  bacillus that liquified gelatin  and serum  
ra p id ly , produced gas from glycerol and grew w ell at tem peratures exceeding 
37 C . On glycerol agar the  grow th of th is  organism  produced g rey ish -w hite  
to d irty  brow n colonies. Ewing et a l. 0972) suggested  that S anare lli 's  d e s­
crip tion  should be accepted as the orig inal descrip tion  of an Aeromonas s p .
In 1893, T ram busti and Roger independently  repo rted  the same organism  
to be the causative agent of a bacteria l epidemic which destroyed stocks of 
laboratory  f ro g s . T ram busti also found that p u re  cu ltu res of the bacillus 
caused a tetanic condition of the m usc les. In ad d itio n , certain  alcohol in ­
soluble p roducts of b ac illu s-free  cu ltu re  filtra tes had an effect upon muscle 
tissue  sim ilar to caffein and v e ra tr in , w h e rea s , alcohol soluble products 
caused p a ra ly s is .
Russell (1898) repo rted  a sim ilar epidemic among laboratory f ro g s . The 
diseased  animals showed the clin ical signs of la ss itu d e , abdominal sw elling , 
blackened areas on the do rsa l su rfa ce , loss of erect p o s tu re , and m uscle
5spasm s. The animals became comatose before death . Post-m ortem  in v es ti­
gation revealed  petechiation of the m uscles and tongue, the  accum ulation 
of serous b lood-stained fluids both subcutaneously and w ithin the body 
cav itie s , congestion of blood v e sse ls , mottled liv e r , and the gall b lad d er 
often contained a yellow ish flu id .
A gram negative , polarly  flagellated, facultatively aerob ic , chrom ogenic 
bacillus was isolated from all body fluids and tissu es of the dead anim als. 
Depending on the age of the cu ltu re  and type of grow th su b s tra te , the isolate 
produced yellow , am ber, or g rey  colonies with occasional b lu ish  fluorescence. 
The grow th su b s tra tes  included plain a g a r , glucose a g a r , g lycerine  a g a r , and 
gelatin  a g a r . C ultures gave both a fetid and an aromatic odor. The isolate 
produced gas from glucose, liquified gelatin and was thought to be identical 
with B. hydrophilus fuscus S anare lli. C ultures of the organism  w ere ino­
culated into the th ig h , peritoneum  o r dorsa l lymph sac of healthy fro g s.
Death with sim ilar clin ical s igns occurred  within 18 h o u rs . The bacterium  
was also found to be infective for healthy frogs by  p lacing  the tes t anim als 
in  w ater containing the pathogen. Introduction of the pathogen by  stomach 
tube had no effect. The pathogen re se rv o ir  was thought to be c a r r ie r  fro g s. 
The re su lts  and conclusions p resen ted  by R ussell a re  open to a lternate  in ­
terp re ta tions , especially  since the descrip tion  of h is  bacterial isolate su g ­
gests that he was w orking with a mixed c u ltu re . Pseudomonas s p p . a re  
known for th e ir production of soluble fluorescent p igm ents. M oreover, 
Pseudomonas s p p . have been isolated from the blood of d iseased  frogs by 
o ther w orkers (E rnst, 1890; Junghaenal, 1953; and Glorioso et a l . ,  1974a).
Aeromonas s p p . a re  not known to p roduce  fluorescent p igm en ts, and the 
occasional fluorescence reported  by  R ussell may indicate the p resence  
of a contaminating Pseudomonas s p .
The appearance of yellow colonies on p rim ary  isolations from diseased  
frog tissues does not ag ree  w ith S an a re lli 's  descrip tion  of B . hydrophilus 
fuscus upon in itial isolation. Glorioso et a l. (1974c) repo rted  that a 
Flavobacterium  s p . was read ily  isolated from the m ajority of septicem ic 
Louisiana b u llfro g s , Rana catesbeiana , and th is  isolate p roduces yellow 
colonies upon prim ary  isolation. F u rtherm ore , Glorioso et a l .  (1974c) r e ­
ported that the Flavobacterium  s p . was difficult to separa te  from other 
organism s by standard  re s treak in g  techniques and often had to be  homo­
genized to obtain p u re  c u ltu re s . P u re  cu ltu re  iso lates of Aeromonas h y d ro p h ila , 
A . puncta ta , and A . liquefaciens did  not produce yellow pigm ent in  the 
lab o ra to ry , and in  the absence of knowledge of the ferm entative actions on 
a num ber of growth su b s tra te s , it is  not known w hether o r not the yellow 
pigmented organism  described  by R ussell was a Flavobacterium  s p .
T here may have been a th ird  contaminant associated w ith R usse ll's  
isolate since h is cu ltu res  emitted both a fetid and an arom atic o d o r.
Pseudomonas s p p . and Aeromonas s p p . produce a fetid odor; how ever, 
C itrobacter freundii p roduces an arom atic o d o r . C itrobacter freundil 
has been reported  to be a frog pathogen by o ther w orkers (G ibbs, 1963;
Gibbs et a l . ,  1966; and Glorioso et a l . ,  1974a).
R ussell 0898), u sing  m ethylene b lue stained tissu e  sec tio n s , revealed  
the presence of unidentified diplobacilli in d iseased  fro g s . U sing a tissue
Gram stain  (Luna, 1968), Am borski et a l. (1974a) observed  a  gram  
positive diplobacilli w ithin tis su e  a b sc e sse s . T hese gram  positive organism s 
w ere not found among prim ary  iso lates un less a specialized serum -cyste ine  
containing medium (Ordal and E arp , 1955) was used  for in itia l isolation. The 
organism  was determ ined to be  a C orynebacterium  s p . T h u s , th is  organism  
may have been overlooked in  e a rlie r  s tu d ie s .
In addition to the need for specialized enriched  m edia, another factor 
which could have affected the  n a tu re  of the bacteria  isolated from the blood 
of d iseased frogs was the sev erity  of the d isease  in  the tes t an im als. Aeromonas 
hydrophila  (B . hydrophilus fuscus) and o ther potential pathogens a re  in ­
habitants of the alim entary trac t of both fishes and f ro g s . Recent findings 
w ith fresh  w ater fish  indicated tha t Aermonas hydroph ila  m ultiplied rap id ly  
in  dead f is h , even when they w ere placed in a re frig e ra to r at a tem perature 
of 2 C (Collins, 1970). T hus, the isolation of A. hydrophila  from dead 
o r dying anim als may be of questionable d iagnostic v a lu e . It was difficult 
to determ ine the condition of the tes t frogs used  in early  rep o rts  on sep ti­
cemic d ise a se , but R ussell apparen tly  used  dead anim als as a source of 
sam ples.
Emerson and N orris (1905) designated  infectious bacteria l septicem ia 
among frogs as "red -leg "  d ise a se . The d isease was given the name red - 
leg  because of the redden ing  on the ven tra l surface of the animal resu ltin g  
from c ircu la tory  congestion . C lassical d isease symptoms w ere observed in 
Rana v ir id is , R . t ig r in a , and R . escu len ta , and w ere sim ilar to those d es­
cribed  by R ussell with the exception that few er anim als showed signs of
te tan i and convulsions before d e a th . In add ition , d iseased  anim als w ere 
reported  to be anemic and leukocytic .
P ure  cu ltu res of B . hydroph ilus fuscus w ere isolated from the lymph 
sacs and abdominal c a v itie s . The colonies w ere described  as deep yellow 
o r white on p lain  a g a r. On certa in  media the colonies w ere in itially  w hite, 
bu t had a d irty  yellow ish tin t w ithin two w eek s. H ow ever, yellow pigm ent 
production was too variab le  to be of value in  identifying the o rgan ism . A gain , 
Emerson and N o rris 's  descrip tion  of th e ir isolate was not en tire ly  consistent 
with that of S anare lli, and like R ussell, they may have had a Flavobacterium  
s p . contam inant.
Although Emerson and N orris confirmed the observations of R u sse ll, 
most of th e ir  data  w ere also based  on dead f ro g s . T his rep o rt suggested  
the use  of some sick and dying  fro g s . These may have been anim als which 
would not respond  to stim u li, but whose heart was still beating when the 
thorax  was o p ened .
Kulp and Borden (1942) reported  a d isease  syndrom e among laboratory  
f ro g s , R . p ip ie n s , and the d isease  agent was identified as B . hydrophilus 
C hester (B . hydroph ilus fuscus) . Although pu re  cu ltu res of B . hydrophilus 
w ere iso la ted , it was not possib le  to determ ine w hether or not the anim als 
had died of the d isease  o r w ere sacrificed before blood and tissu e  sam ples 
w ere ta k e n . Kulp and Borden also experienced some difficulty in  u sing  
blood agar as a p rim ary  isolation medium . They reported  cases w here 
aliquots of the same blood sample showed the p resence  of bacteria  when 
inoculated into blood b ro th  bu t not when streaked  onto a blood agar p la te .
9In the 6th edition of B ergey 's  M anual, B . hydroph ilu s was co rrectly  d es­
cribed  as a  monotrichate bacterium  and w as incorporated  into the genus
is
Pseudomonas as Pseudomonas h y d ro p h ila . H ow ever, S tan ier 0943) pointed 
out that Pseudomonas hydrophila  should be separa ted  from o ther polarly  
flagellated rods at the generic  le v e l. T h is recommendation was based  
upon the dem onstration by  S tan ier of a typical bu ty lene  glycol ferm entation 
in cu ltu res of B . h y d ro p h ilu s . S tan ier also called attention to the fact that 
an appropria te  genus (Aeromonas) a lready  had been proposed for sim ilar 
organism s by  Kluyver and van Niel (1936) and suggested  that the  co rrect 
name for B . hydrophilus was Aeromonas h y d ro p h ila . T his name was adopted 
in  the 7th edition of B ergey 's  M anual.
In contrast to the p u re  cu ltu re  iso lates of Aeromonas hydroph ila  reported  
as a routine occurrence in  early  w ork (S an are lli, 1891; R u sse ll, 1898; Emerson 
and N o rris , 1905; Kulp and B orden, 1942) Gibbs (1963), Gibbs et a l. (1966), 
and Glorioso et a l . (1974c) have provided support for the  theory that sep ti­
cemic disease among frogs can reflect a complex in teraction  betw een the frog 
and severa l different bac te ria . In 1963, Gibbs reported  that 67 percen t of his 
leopard frogs (R . p ip iens) w ere seriously  infected w ith combinations of 
A. h y d ro p h ila , Staphylococcus ep id erm id is , and C itrobacter fre u n d ii.
These organism s w ere isolated from the blood and a v arie ty  of t is s u e s .
Using a stomach tube method of antibiotic d e liv e ry , Gibbs successfully  
treated  both naturally  and experim entally infected frogs with tetracycline  
HC1 (5mg /  30 g body w e ig h t) . Only 2 percen t of the treated  anim als d ied .
In a more recent study of M idwestern frogs exhib iting  a wide v arie ty  of
sym ptom s, Gibbs et a l. (1966) expanded these  observations. For th is  
study  blood sam ples w ere  taken  aseptically  from the vena cutanea magna 
of the fo re leg . To com pensate for the potential problem s involved in  u sin g  
m oribund anim als as d id  e a r lie r  w orkers the blood sam ples w ere d is ­
carded  if the anim als from w hich they w ere draw n failed to su rv iv e  for 
at least 8 hours following the  v e n ip u n c tu re . The blood sam ples w ere ino­
culated onto blood ag ar and incubated at 37 C and 25 C for one week before 
any w ere assum ed to be n eg a tiv e .
B acteriological analysis of 52 d iseased  frogs revealed  that A . hydrophila  
was p resen t in  44 percen t of the c a s e s , combinations of A . hydroph ila  and 
Mima polym orpha w ere p re sen t in  6 percen t of the c a se s , and S . epiderm idis 
was isolated from 2 percen t of the  sick  an im als. It is  significant to note 
that 52 percen t of the d iseased  frogs d id  not show the p resence  of b acteria  
in the b lood , and it  was suggested  that septicem ia only occurred  in  ex­
trem e c a se s . H ow ever, th is  explanation d id  not account for the genesis 
of the severe  clin ical symptoms repo rted  in  these anim als. One possib ility  
is that Gibbs may have experienced  the same difficulties as did  Kulp and 
Borden by  u sin g  blood agar as the  p rim ary  isolation m edium . Another 
possib ility  is  that the b ac te ria  might be localized in specific t is s u e s .
Damage is  inflicted du rin g  th is  localization , and as suggested  by  G ibbs, 
the bacteria  en te r the blood only in  the late stages of the d ise a se . Glorioso 
et a l. (1974c) reported  a 1000-fold increase  in  the num ber of bacteria  in 
the fat body over the num ber of bac te ria  found in  the b lood . T his would 
suggest a possib le role for the fat body in  concentrating  bac teria  associated
with septicem ic frog d isease . It is  also significant to note that Gibbs 
trea ted  d iseased  frogs in  1966 as he did  in  1963, bu t w ith much less 
success as he only m anaged to save 50 percen t of h is  d iseased  frog  stock . 
Am borski and Glorioso (1973) repo rted  sim ilar difficulties in  u sin g  only 
te tracycline  for antibiotic th e ra p y . Since tetracycline re s is tan t opportun ists 
w ere isolated from the blood of d iseased  fro g s , it w as suggested  that each 
epidemic may req u ire  the isolation of potential pathogens from diseased  
frogs and th e ir  antibiotic sensitiv ities determ ined in  o rd er to select the 
p ro p er an tib io tic(s) for treatm ent.
As a re su lt of G ibb 's s tu d ie s , A . hydrophila  and Mima polym orpha 
w ere designated  to be the major pathogens of M idwestern fro g s . Glorioso 
et a l. (1974c) also supported  a ro le for Mima polym orpha as a major pathogen 
of Louisiana b u llfrogs . M oreover, Gibbs indicated that the prim ary  
bacteria l isolation steps cannot be accomplished without some difficulty 
and that Mima polymorpha was easily  m issed as it tended to grow rela tively  
slowly and was often overgrow n by A. hy d ro p h ila .
Although A. hydrophila  has been involved in all the  serious epidemics 
reported  in  the United S ta tes, Gibbs (1973a,b) and Nace et a l. (1974) advised 
that the name red -le g  be abandoned because the typical v en tra l surface 
redden ing  does not always occur among septicem ic anim als. Furtherm ore , 
o ther bacteria  besides A. hydrophila  have been reported  to cause the same 
d isease  syndrom e. C ontrary to e a rlie r  re p o rts , Gibbs found that nearly  
half of the frogs reach ing  the point of death exhibited only mild symptoms 
such as being  thin or lacking b rilliance  of the sk in  coloration. When p ro -
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voked , they w ere h y p e rac tiv e , bu t the movements w ere frequently  p u r ­
poseless and poorly coo rd inated . Since these  signs overlap w ith those 
of uncomplicated m alnutrition and f r ig h t , he found it im possible to select 
healthy frogs with c e r ta in ty .
Shortly before d e a th , d iseased  anim als began to cough up blood and 
convu lse . When p re s e n t , the more s tr ik in g  symptoms included slum ped 
posture  with palms tu rned  ou tw ard , d isinclination  to move when p ro d d e d , 
tense abdom en, cutaneous h em orrhages, eroded toes and feet w ith b a re  
bones exposed , eroded ja w s , perforations of the sk in  on the do rsa l s u r ­
faces , rough and b leeding  n ic tita ting  m em branes, hem orrhaging w ithin 
the e y e s , and num erous neurological s ig n s . The course of illness  some­
times extended over severa l m onths.
Gibbs confirmed e a rlie r  histopathological rep o rts  and extended these 
findings with a study of the sa rto riu s  m uscle of R . p ip ie n s . Comparisons 
were made between the m uscles of d iseased  frogs and those of frogs which 
had undergone treatm ent and subsequent re c o v e ry . Muscle from untreated  
frogs had a g reatly  reduced pro tein  and carbohydrate  con ten t. Microscopic 
sections stained with hematoxalin and eosin and Hotchkiss periodate sta ins 
showed v e ry  little  reaction in  com parison w ith the tissue  from healthy f ro g s . 
The loss of contrast betw een the A and I bands in  the m uscles from untreated  
animals make it difficult to d iscern  the c ro ss  stria tions without the use  of 
polarized l ig h t. Muscle function was also im paired in the m uscles from the 
untreated  g ro u p . A verages of sing le  fiber potential w ithin a given muscle
w ere rou tine ly  5 to 15 rav lower than those obtained from healthy m uscles 
(95-98 m v ). The decrease  was not uniform  for all fibers; the d is tr i­
bution be ing  bimodal with a low peak around 50 mv and a high peak 
in  the norm al ra n g e . As would be expec ted , these m uscles developed 
only weak tensions and fatigued ra p id ly .
I I . O ther B acterial Pathogens of Frogs
B acteria associated w ith frog  septicem ia w ere firs t isolated and 
reported  by  E rn st (1890). E rnst named the bacterium  Bacillus ran ic ida  
and described  it as a gram  negative b a c illu s , which d id  not form spores 
bu t liquified  gelatin  ra p id ly . A ligh t g reen  color was produced in  gelatin  
m edium , w hich became brow nish  in  old c u ltu re s . Surface growth in  o ther 
media also produced a layer of g reen  c o lo r. The bacillus could be read ily  
isolated from various o rgans and was 1-Jfci in  len g th . C ultures grew  
slowly at 8 .5  C , optimally at 30 C , and died at 37 C . He was able to r e ­
p roduce the d isease  in frogs by injection of p u re  c u ltu re s . The main 
symptoms w ere yellow -green  sk in  d iscoloration , general lassitude , 
y aw n in g , and finally death of the f ro g . A fter careful examination of the 
E rnst publication , Ewing et a l. (1972) concluded that the causative 
o rgan ism , Bacillus ra n ic id a , was a species of the genus Pseudomonas 
that produced g reen  p igm ent.
Zavattari (1931) repo rted  a severe  infection of the frog spleen with 
B artonella ran a ru m . The organism  was found in  ery throcy tes from the 
sp le e n , l iv e r , lu n g s , and k id n e y s . Infected animals died after 160-180 d a y s .
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S ch a rre r (1935) found that European frogs harbored  a num ber of 
sp iro ch ae tes . East Canadian bu llfrogs (R . catesbeiana) w ere repeatedly  
found to contain spirochaetes which w ere described  as Spirochaeta 
manitoni by Fantham et a l . (1942). The organism s w ere not believed 
to be involved in septicem ic frog d isease  but may rep re se n t a b iohazard 
in  the lab o ra to ry .
Urbain (1944) repo rted  a single case of an infection of R . esculenta 
w ith Salmonella paratyphi B which caused para ly sis  and ecchymosis of 
the abdominal sk in . Miles (1950) reported  an outbreak of red -le g  in 
tree  frogs at the London Zoo which was caused by Bacterium a lca lig en es. 
Pettenkofer and Kaufmann (1951) described  a red -le g  epidemic caused 
by a gram negative diplobacillus (Diplo-bacterium  ra n a ru m ). The animals 
suffered from exudations, u lce ra tio n s , intestinal inflam ation, edema and 
increasing  lassitude culm inating in death . The in testine  was d istended by 
gas and blood-stained m ucus, and hem orrhagic exudates filled the lymph 
sacs . Galuso and Remenzowa (1957) reported  the occurrence of B rucella 
in frogs with red -le g  sym ptom s. Pseudomonas fluorescens and A . 
punctata have also been reported  by Junghaenal (1953) to cause out­
b reak s of red -le g  in R . escu len ta . F in a lly , as p rev iously  m entioned,
Gibbs (1965) and Gibbs et a l . (1966) reported  Mima polym orpha, C itrobacter 
freu n d ii, and Staphylococcus epiderm idis to be involved in red -le g  ep i­
demics among Midwestern f ro g s , R. p ip ien s , w ithin the United S ta te s .
T h u s , although Aeromonas hydrophila has been implicated as the central 
etiological agent of septicemic frog d ise a se , the etiology of the d isease  is 
complex and ea rlie r studies appear inconclusive.
15
III. Review of Published Work by  the Author
A. The Isolation and Identification of Potential M icrobial Pathogens 
from Diseased Louisiana Bullfrogs
O ver 100 d iseased  tad p o le s , juven iles and adu lts w ere examined for 
th e ir  m icrobiological content in  o rd e r to single out the  etiological agent (s) 
responsib le  for the deaths among lab o ra to ry -reared  Louisiana bu llfrogs. 
Animals show ing clin ical s igns of d isease w ere divided into two groups: 
Group I, tadpo les, m etam orphosing tadpoles and ju v en iles , and Group II, 
adu lts . Both g roups w ere m aintained separately  in  the laboratory  after 
the methods of Glorioso et a l . (1974c).
In add ition , lab o ra to ry -rea red  adult leopard frogs (Rana p ip iens) 
and adult bu llfrogs w ere obtained from the  Amphibian R esearch C enter, 
U niversity  of M ichigan. T hese anim als showed clinical s igns of disease 
and w ere processed  two days after th e ir  a rr iv a l. The animals w ere not 
exposed to the local w ater supply  and w ere not fed d u rin g  the two-day 
p e rio d .
Blood was collected by  card iac  punctu re  from live frogs show ing 
clinical symptoms of septicem ia and after 8 hours these animals w ere 
sacrificed  by p ith in g . T issues and whole organs including  h e a r t, lung , 
gall b lad d e r, fat body , k id n ey , l iv e r , sp leen , th igh  m uscle, and the 
alim entary trac t below the pharynx  w ere weighed and homogenized for 
2 m inutes in  10 ml of T ryp ticase  Soy b ro th  (T SB ). Body flu ids including  
peritoneal exudate, lym ph, h eart blood and spinal fluid w ere collected 
with a sy ringe  and needle. Samples of the maintenance w ater w ere also 
collected. All sam ples w ere obtained u n der routine aseptic conditions,
xo
seria lly  d iluted in  TSB, and plated on T rypticase  Soy agar (TSA ), 
Phenylethanol agar (PEA), Potato Dextrose ag ar (PDA), O rdal-E arp  
agar and Sabarouds a g a r . Sim ilarly inocu lated , TSA p lates w ere in ­
cubated in  a B rew er ja r  to isolate anaerobes.
The bacterial isolates w ere identified according to a taxonomic key 
for the laboratory  identification of bacteria l pathogens of aquatic 
animals designed by Glorioso et a l . (1974a) . The key is divided into 
4 keys (F ig . 1, a p p en d ix ). Suspected lep tosp ires and other sp ira l­
shaped bacteria  w ere detected by dark -fie ld  m icroscopy and Streptom yces 
s p p . w ere detected by  the p resence  of aeria l myclia easily  seen at low 
m agnification. Key No. 1 (F ig. 2, appendix) contains all gram  positive 
o rgan ism s, and it is  fu rth e r separated  into cocci and b a c illi . Key N o. 2 
(F ig . 3, appendix) contains the motile gram negative bacilli having  
cytochrome o x id ase . Key N o. 3 (F ig . 4, appendix) contains the nonmotile 
gram negative b ac illi. Key No. 4 (Fig. 5, appendix) contains the  nonmotile 
gram negative b a c illi . By following these k e y s , it was possible to identify  
all of the bacteria l isolates obtained from diseased b u llfro g s . Isolates 
w ere selected on the basis of obvious differences in colony charac te ristics  
and an additional 50 percen t of the rem aining colonies w ere random ly se ­
lected . These in itial isolates w ere purified  by  res treak in g . Mixed cu ltu res 
which could not be separated  by th is  technique w ere homogenized for 10 
m inutes and streaked  for sep ara tio n . This method was repeated as n e c e ssa ry .
Individual organs and muscle tissue from 30 diseased anim als from 
both diseased groups w ere homogenized in Eagles Minimal Essential
17
Medium, frozen and thawed 2 tim es, and passed  th rough  a 0.45 micron 
Millipore f i l te r . The filtered medium was added to m onolayers of 
Fat Head Minnow cells for the detection of frog v iru se s  by  cytopathogenic 
effect and by electron m icroscopy.
No v iru se s  w ere detected as tissue  cu ltu re  m onolayers failed to 
exhibit cytopathogenic effects and attempts to dem onstrate the p resence 
of v iru s  by electron m icroscopy w ere u n su ccessfu l. No fungi or s tric t 
anaerobes w ere isolated from organs or body fluids w ith the exception 
of the alim entary tra c t. The bacteria l iso lates that w ere obtained (1,665) 
w ere maintained on TSA s la n ts . After iden tification , th is  was reduced 
to 36 iso la te s . Mixed cu ltu res  containing an Achrom obacter s p . and a 
Flavobacterium  s p . could only be  separated  after hom ogenization. T able I 
(appendix) shows the d istribu tion  of bacteria  isolated from specific tissues 
of diseased an im als. Of p a rticu la r in te res t is  the la rge  average num bers of 
bacteria  isolated from the fat body which may rep re se n t a re se rv o ir  for 
bacteria  contributing  to the septicem ic condition . A gram  negative organism  
dem onstrating the morphology of a coccobacillus was observed in the gram 
stained blood sm ears and histological sections of the m uscle , s k in , and 
fat b o d y , but th is  organism  could not be isolated by standard  p lating  
tech n iq u es. H ow ever, a pleom orphic coryneform  bacterium  was isolated 
on O rdal-Earp medium and was identified as a Corynebacterium  s p . The 
Corynebacterium  s p . was only isolated from the fat b o d y , muscle t is s u e , 
and blood, and was particu larly  difficult to isolate because of its slow 
growth and f astidious n a tu re . It was easily inh ib ited  and overgrow n by
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gram negative bacilli which w ere read ily  isolated from these  t is s u e s .
The gram positive isolate was a non-spore-form ing bacillus w hich 
frequently  occurred  in  p a irs  and ranged  in  size from 0 .3 -0 .5 x 0 . 5-1.0 ju . 
T his organism  is believed to be  sim ilar to the Corynebacterium  s p . r e ­
sponsible  for kidney d isease  among f ish .
Ajmal and Hobbs (1967) described  bacteria l k idney d isease  in  fish .
The g ross pathology was characterized  by sk in  d iscoloration , su b ­
cutaneous hem orrhag ing , the accumulation of serosanguineous fluid 
and the u lceration  of the ja w , f in s , and ta i l . The bullfrogs showed a 
sim ilar condition w ith the addition of the swollen hem orrhaging jo in ts 
of the ap p en d ag es. The histopathology of fish kidney d isease  included 
v isce ra l le s io n s , nonspecific degeneration of the l iv e r , congestion of the 
sp le en , and kidney discoloration w ith necrotic  a re a s . Histological 
sections of k idney  tissu e  showed congestion and an unusual amount of 
melanin pigm ent p re s e n t . Both the kidney and liv e r in  the bullfrog  w ere 
d isco lo red , sw ollen , congested , and contained an unusual amount of 
m elanin p igm ent. The sp leen  was also enlarged  and congested . The fat 
bodies w ere pale with white spots of necroses and had num erous foci 
of septic abscesses containing gram positive b a c ill i . The m uscles w ere 
degenerated  and also contained num erous sim ilar ab sce sse s . The fat 
b o d y , l iv e r , m uscle , sp leen , and kidney showed degenerative changes 
resu ltin g  from chronic inflam ation.
The bullfrog  d isease  u n d er na tu ra l conditions p ers is ted  for up to 
6 months among adults before the animal succum bed. S im ilarly , the
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kidney d isease among fish p e rs is ted  for up  to 4 months after the onset 
of clinical signs before culm inating in  d e a th . Attempts to transm it 
the fish  pathogen by d irec t inoculation w ere  successfu l in  only SO percen t 
of the tes t c a se s . T hese cases proved  fatal w ithin 1 m onth.
Table 2 (appendix) g ives the descrip tiv e  profiles of the  frog  isolate 
as compared with the fish iso la te . The fish  isolate d iffers m ainly in  its  
su g ar ferm entative ab ilities and is  d ifferen t enough from the fish  pathogen 
o r any o ther Corynebacterium  s p . found in  B erg ey 's  Manual to w arran t it 
a separate  s tra in  designation at le a s t . In ad d itio n , the bu llfrog  isolate 
has a d ifferent tissue  affinity (fat body and m uscle) as com pared w ith the 
kidney affinity of the fish  pa thogen . The d ip lobac illi, assum ed to be 
Aeromonas hydrophila  (B . hydroph ilu s fu s c u s ) , repo rted  to be p resen t 
in  the tissu es and blood by R ussell (1898) may have been the same o r a 
sim ilar Corynebacterium  s p . Gram negative b ac teria  w ere never seen 
in the tissu es of d iseased  b u llf ro g s , h o w ev er, they w ere found in  the 
b lood . Because of the special media and cu ltu ra l conditions n ecessa ry  
to cultivate the Corynebacterium  s p . observed  in the laboratory  bu llfrogs 
and the p resence  of la rge  num bers of opportun istic  pathogens w hich 
easily  overgrow  the C orynebacterium , th is  pathogen could have easily  
been m issed in  the p a s t .
Table 3 (appendix) sum m arizes the incidence of the b ac teria  isolated 
from the heart blood of d iseased  an im als, and subsequently  shown to be 
pathogenic for tadpoles o r a d u lts . In only 15 p e rcen t of the na tu ra lly  in ­
fected animals was one of the listed  pathogens isolated from the b lood .
Pseudomonas s p p . w ere isolated in  35 percen t of these c a se s , and 
Mima polym orpha w as the  sole isolate in  the rem aining 65 p e rc e n t. In 
the m ajority of the na tu ra lly  infected anim als vary ing  combinations of 
the listed  pathogens could be isolated from the b lood , bu t th e re  was 
no d iscernab le  p a tte rn  in  the occurrence of these com binations. H ow ever, 
the data p resen ted  in  Table 3 indicated that th e re  was a difference in 
the incidence of the pathogens when tadpoles w ere compared w ith adult 
an im als. Although the  pathogens occurred  in  vary ing  combinations in 
both the tadpoles and a d u lts , Proteus v u lg a ris  and Proteus m irabilis 
occu rred  at a g re a te r  frequency in  tad p o les , w h e rea s , Mima polym orpha 
and a Flavobacterium  s p . occu rred  at a g rea te r frequency in  adult an im als.
Force feeding the  organism s to the frogs had no apparent effect on 
the health  of the an im als. Infection induced by inoculation of the 
Flavobacterium  s p . was not uniform ly fata l. These anim als developed 
open skin  lesions and in  a few cases spontaneous recovery  was n o ted .
In every  o ther c a s e , infection induced by inoculation of the indicated 
pathogen was 100 percen t fatal and usually  mixed cu ltu res including  the 
inoculated pathogen could be  isolated from the heart blood of the dead 
an im als. In each case  the p rev iously  described  clinical symptoms w ere 
o b se rv ed . The transm ission  of d isease by immersion of the anim als in a 
suspension  of the pathogen was not uniformly fatal and there  was no 
d iscernab le  pa ttern  in  the m ortalities. V arying combinations of bacteria  
could be isolated from the blood of the dead anim als.
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Members of the pathogenic group includ ing  P ro teus s p p .
Pseudomonas s p p . ,  Aeromonas s p p . ,  and the  Flavobacterium  s p . 
w ere isolated from the m aintenance w ater and the in testional tra c ts  
of both healthy and d iseased  an im als. No one organism  was found in 
every  animal and th e re  was no d iscernab le  p a tte rn  in  th e ir  d is tr ib u tio n .
In addition to the frogs obtained from the local h a b ita t, two d iseased  
bu llfrogs and th ree  d iseased  leopard frogs acquired  from the am phibian 
facility at the U niversity  of Michigan w ere also shown to be bacterem ic . 
The pathogenic organism s subsequen tly  identified from the blood of the 
sacrificed  anim als included a Pseudomonas s p . , P ro teus m organ ii,
Pro teus m ira b ilis , Mima polym orpha, a Flavobacterium  s p . , and a 
Corynebacterium  s p . No Aeromonas s p p . w ere iso la ted . A pparently  the 
d isease syndrom e (with its  complex etiology) is  not endemic to Louisiana 
frogs nor is  it limited to one p a rticu la r phase of the anim al's developmental 
cy c le .
Table 4 (appendix) sum m arizes the incidence of those bac teria  
which w ere isolated from d iseased  frogs and subsequen tly  shown to be 
nonpathogenic. Of these  iso lates only the Achrom obacter s p . , 
Pseudomonas a lca ligenes, and the Corynebacterium  s p . w ere isolated 
from both the blood and t is s u e s . However when found in  the b lood , 
these  th ree  organism s w ere always p resen t in  mixed infections with 
the lis ted  pa thogens, p a rticu la rly  in  association w ith Mima polym orpha 
and the Flavobacterium  s p . Although attem pts to transm it the d isease 
by d irec t inoculation of the Corynebacterium  isolate w ere u n su ccessfu l,
when sublethal doses of Pseudomonas flupresoens (10^) w ere inoculated 
along w ith 10^ Corynebacterium  s p . , the  anim als died within one week 
and the C orynebacterium  could be reiso la ted  from p eriphera l b lood . 
F u rth e rm o re , Am borski et a l . (1974b) repo rted  that th is  Corynebacterium  
iso late  was infective for fat bodies in organ  cu ltu re  when the tissue  cu ltu re  
medium was inoculated with the iso la te . None of the rem aining organism s 
could be isolated from the blood and th e ir  d istribu tion  w ithin the frog 
was confined to the peritoneal fluid and the alim entary t r a c t . Since the 
frog  d isease  is  insid ious in  na tu ra l in fec tions, it is  not su rp ris in g  that 
u n d er the p re se t conditions for the  determ ination of pa thogen ic ity , the 
C orynebacterium  isolate failed to be pathogen ic . Although Koch's postulates 
w ere followed in  o rd e r to dem onstrate the pathogenicity of the frog iso la te , 
th is  method may not be a valid  te s t . The rou te  of invasion of the pathogen 
may be critica l o r it may be that na tu ra l deaths a re  the resu lt of secondary 
invasion by opportun ists such as Aeromonas hydrophila  previously  con­
sidered  to be the cen tra l pathogen of f ro g s .
The new Corynebacterium  s p . isolated from diseased frogs may well 
be the only tru e  frog pathogen. T his be lief is  supported  by the h isto- 
pathological f in d in g s . T his does n o t, how ever, discount the patho­
genicity  of secondary invaders such as Aeromonas hyd roph ila , whose 
effectiveness in p roducing  a fatal septicem ia is well docum ented.
Inoculation of our isolates of Staphylococcus epiderm idis or 
Staphylococcus au reus resu lted  in abscess formation at the site of ino­
culation in the experim ental f ro g s . However at one week post-infect io n ,
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attem pts to isolate e ither Staphylococcus s p . w ere unsuccessfu l and 
only la rg e  num bers of Proteus s p p . could be isolated from the ab scesses .
No o ther lesions or clinical symptoms resu lted  from attempts to demon­
stra te  pathogenicity of the o ther bacteria  listed  in Table 4.
With the exception of M. polym orpha, the bacteria  shown to be 
pathogenic for frogs have been dem onstrated to be d isease-causing  
organism s for o ther aquatic an im als. The group of fresh  w ater fish 
pathogens includes Pseudomonas s p p . , Aeromonas s p p . , Flavobacterium  
s p p . , and Proteus s p p . These organism s are  ubiquitous in  the aquatic 
environm ent and it has been suggested that members of th is group a re  
o p p o rtu n is ts . T h u s , even though aquatic anim als a re  constantly  in ­
te rac tin g  w ith these pathogens, d isease re su lts  only u n der conditions 
which have not yet been iden tified . S tress  has long been considered 
a p red isposing  factor in disease production by such o p p o rtu n is ts , and 
any num ber of p h y sica l, chemical o r biological factors could b r in g  about 
physiological changes in the host which would favor bacterial invasion 
of the t is s u e s . It has been suggested that the excretion of organism s 
into the m aintenance w ater provided a way in  which other frogs or 
even the same frogs could be infected especially  in the p resence of sk in  
le s io n s . If th is  is  the c a se , then the bac te ria  in  the blood could reflect 
the potential pathogens of e ither the in testinal flora or the m aintenance 
w ater at the specific point in time when the host was susceptib le to 
bacteria l in fection . T his would explain the varie ty  of pathogenic organism s 
isolated from the blood of septicemic f ro g s . This possibility  is  supported
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by the transm ission of d isease  in  the laboratory  a n d , as R ussell re p o r te d , 
by in troducing  the bac teria  into the m aintenance w a te r .
The re su lts  support the hypothesis that septicem ic frog d isease  is 
the re su lt of a complex in teraction  betw een the  frog and one o r more 
members of a group of b ac te ria  dem onstrated to be common inhabitan ts 
of the aquatic environm ent. No role for v i ru s e s , fungi o r anaerobic 
b acteria  w ere dem onstra ted .
B . Hematology
Since the isolation of one o r more opportun istic  bacterial pathogens 
from lab o ra to ry -reared  frogs would be of lim ited diagnostic value for 
early  detection of d ise a se , Glorioso et a l . (1974b) compared the hematology 
of normal and d iseased  Louisiana bullfrogs to provide additional in fo r­
mation on the effects of septicem ia on d iseased  anim als. This in fo r­
mation may provide a serological means of early  detection of the disease 
condition .
Adult frogs show ing clin ical signs of bacteria l d isease w ere d esig ­
nated as the na tu ra l d isease  g ro u p . Bacteriological studies on the 
d iseased  group confirmed the p resence  of a septicem ic condition in ­
volving vary ing  combinations of the p rev iously  identified frog pathogens 
(Glorioso et a l . ,  1974a). In the absence of any trea tm en t, 100 percen t 
m ortality was observed  in  the d iseased  g ro u p . Healthy frogs free  of 
pathogenic bacteria  w ere used as normal co n tro ls . Both groups of 
anim als served  as donors for ery throcy te  co u n ts , blood cell size 
m easurem ents and leukocyte differential co u n ts . Each group had 
approxim ately equal num bers of males and fem ales.
Blood sam ples w ere obtained from both healthy and d iseased  liv ing  
frogs by card iac  p u n c tu re . The sk in  surface was s te rilized  w ith 10 
percen t formalin and 0.2 ml sam ples w ere collected and tra n s fe rre d  to 
heparin ized  cap illary  tubes for blood cell counts and m easurem ents, or 
to centrifuge tubes to obtain a 2 ml pooled-serum  sample for serum  
biochemical determ inations. The biochemical determ inations included 
creatine  phosphokinase (CPK), g lucose, cho lestero l, calcium , phosp h o ru s , 
alkaline phosphatase (AP), serum  glutamic oxalacetic transam inase (SGOT), 
total p ro te in , and g lobu lin .
No gross morphological varia tions between leukocytes of norm al and 
diseased frogs could be determ ined . H ow ever, the e ry th rocy te  population 
was m arkedly affected by bacteria l in fection . In blood sm e a rs , the 
ery th rocy tes from diseased frogs contained num erous vacuoles p a rticu la rly  
around the n u c le u s .
The blood cell values com paring healthy and d iseased  bu llfrogs are  
p resen ted  in Table 5 (ap p en d ix ). The data was analyzed u sin g  co rre la ted  
t t e s ts . The diseased bullfrogs showed a significant (P< . 01) decrease  in 
both the ery throcy te  and basophile popu lations. F u rth e rm o re , when com- 
pared  with the co n tro ls , the septicem ic bu llfrogs susta ined  a  leukocytosis 
(P <  .01) accompanied by  a sligh t (P<  .1) monocytosis and neu troph ilia .
The dimensions of blood cells from healthy and d iseased  anim als are  
p resen ted  in Table 6 (appendix) . The axial ra tio s of the e ry th rocy tes 
from the diseased frogs w ere la rg e r (P<.05) than  those from the healthy 
an im als. This was accompanied by a decrease  in  the size of the la rg e  and
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small lym phocytes (P<.01), eosinophiles (P<.05) and monocytes (P<.1) 
in  the d iseased  an im als. Table 7 (appendix) compares the serum  bio­
chem istries betw een healthy and d iseased  anim als. D iseased frogs showed 
significant increases in  serum  CPK (P<  .05) and SGOT (P<.01). The 
differences in  alkaline ph o sp h a tase , total p ro te in , g lobu lin , cho lestero l, 
g lucose , u rea  n itro g e n , calcium , and phosphorus w ere not sign ifican t.
Diseased bullfrogs dem onstrated a 27 percen t reduction in the num ber 
of e ry th ro c y te s . T his anemia could be due to bacteria l induced hem olysis. 
Aeromonas h y d ro p h ila , for exam ple, is  known to produce two separate  
hem olysins (Wretlind et a l . ,  1971) . Septicemic bu llfrogs also sustained  
a significant leukocytosis, bu t th is  is  in  m arked contrast to the leukopenia 
reported  for d iseased  leopard frogs (Kaplan, 1952), w here the decrease  
in  white cells was at the expense of the n eu tro p h ile s . T his decrease  was 
of such a m agnitude that it completely negated the observed  increase  in 
the num ber of lym phocytes. Species d ifferences between p ip iens and 
R. catesbeiana could explain these  re sp o n se s , but variations in ex p e ri­
mental technique may also be im p o rtan t.
In 1952, when Kaplan repo rted  h is  o b se rv a tio n s , Aeromonas hydrophila  
was considered to be the causative agent of septicem ic frog disease (red - 
leg  d ise a s e ) . H ow ever, the etiology of th is d isease  is  apparently  complex. 
Reichenbach-K linke and Elkan (1965) lis t Aeromonas hy d ro p h ila ,
Pseudomonas fluo rescens, and Aeromonas punctata as frog pa thogens.
Gibbs et a l. (1966) have added C itrobacter freundii and Mima polym orpha 
to the l i s t , and Glorioso et a l . (1974a) have identified Mima polym orpha,
a Flavobacterium  s p . ,  and a Corynebacterium  s p . Extensive stud ies on 
fish  d iseases have shown that except for Mima polym orpha, the above 
group of bacteria  is  also pathogenic for fish  and they a re  ubiquitous in 
the  aquatic env ironm ent. T h u s , Snieszko 0964) has suggested  that these  
organism s a re  o p p o rtu n is ts , and septicem ic d iseases caused by  these 
organism s a re  produced only u n d er as ye t unidentified  conditions.
The data in Table 7 (appendix) indicates that th ere  is  a significant 
increase  in the concentrations of two serum  enzym es, CPK and SGOT. 
Increased  serum  levels of SGOT indicate liv e r and muscle dam age, bu t 
increased  levels of CPK are  more specific for m uscle damage than  SGOT 
(L a ird , 1972) . T hese re su lts  thus indicate both m uscle and liv e r damage 
in  septicem ic b u llfro g s , and a re  in  agreem ent w ith the histological stud ies 
on frogs with re d -le g  d isease  (R ussell, 1898 and G ibbs, 1973).
Frog hematology has been the subject of many stud ies (Alder and 
H uber, 1923; A rvy , 1947; Scherm er, 1954; S tephan, 1954; Hutchison and 
S za rsk i, 1965; and Rouf, 1969), bu t only one group has p resen ted  data  
for R. ca tesbeiana . In that re p o rt, Hutchison and Szarsk i (1965) repo rted  
a mean value of 252,000 erythrocytes/m m® for the bu llfrog .
It must be em phasized th a t , in  addition to d ise a se , other variab les 
can affect hematological v a lu e s . In the absence of th is  inform ation, it 
would be difficult to compare re su lts  from different lab o ra to ries , and 
even perhaps difficult to evaluate re su lts  from one lab o ra to ry .
The sexual d ifferences in  ery th rocy te  counts as reported  by A rvy 
(1947) for R . tem poria and Kaplan (1951) for R . p ip iens w ere not observed
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by Rouf Q969) in  R . p ip iens o r in  th is  study on R . catesbeiana .
F u rtherm ore , by the use  of frogs rea red  from tadpoles collected d u rin g  
one b reed ing  seaso n , attem pts w ere made to minimize the effect of seasonal 
and physiological varia tion  as suggested  by  both Kaplan (1951) and Meints 
and C arver (1972). H ow ever, the  possib le  effects of d iet on erythropoietic  
activ ity  as suggested  by  Meints and C arver (1972) could not be con tro lled . 
Although these au thors u sed  force feed ing , the s tre ss  on the animal might 
cause hematological changes sim ilar to those described  for fish (Klontz, 1972).
The observations in  th is  rep o rt may prov ide the means for a quantitative 
approach to the study of septicem ic frog d isease  , and serum  enzyme de­
term inations may be used  to describe  the ro le  of each pathogen in the 
d isease p rocess as well as the effects of toxins or toxic factors by  the 
indiv idual p a thogens.
C . Toxin Production by B acterial Pathogens of Louisiana Bullfrogs
Sinderm ann (1970) categorized bacteria  associated with aquatic animals 
as 1. prim ary pa th o g en s, 2. secondary invaders pathogenic for weak 
h o s ts , 3. hetero trophs which invade only dy ing  anim als but whose 
pathogenicity for norm al anim als can be dem onstrated by  inoculation of 
large  num bers of b a c te r ia , and 4. nonpathogenic normal f lo ra . Although 
it has not been extensively  s tu d ie d , th e re  is  at least one additional 
category which must be considered , i . e . , b ac te ria  which may or may 
not be p a rt of the norm al flora bu t which can read ily  grow in  aquatic 
environm ents and re lease  toxic p ro d u cts . Glorioso et a l. (1974d) determ ined 
that many of the potential pathogens of Louisiana bu llfrogs a re  toxin
p ro d u c e rs . B acteria-free  cu ltu re  filtra tes w ere found to be toxic for 
tadpoles o r adult frogs by m erely p lacing the animal into the toxic 
b ro th .
In th is  s tu d y , sam ples of aquaria  w a ter, fecal sam ples, and blood 
sam ples from norm al and d iseased  bullfrogs w ere se ria lly  diluted in 
B acto-nu trien t b ro th  and plated on B acto-nutrien t a g a r . Bacterial 
isolates w ere identified according to the methods of Glorioso et a l . (1974a) 
and m aintained on B acto-nutrient agar s la n ts . Individual animals w ere 
also isolated in  one lite r  beakers containing 50 ml of B acto-nutrient 
b ro th , and w ithin 10 hours at 25 C the b ro th  became tu rb id  with bacteria l 
g row th . The in itia l bacteria l inoculum was shed e ither from the body 
surface o r excreted  w ith the body w a ste s . The b ro th  was then co llected , 
se ria lly  d ilu te d , plated for isolation of b a c te r ia , and all colony types 
w ere id en tified .
S urv ival s tud ies w ere perform ed to estab lish  the capacity of each 
b acteria l pathogen to su rv ive  u n der conditions of s ta rv a tio n . Cells 
w ere grown to stationary  p h a se , w ashed tw ice , and resuspended  in 
200 ml of s te rile  d istilled  w ater to a population density  of 105 b a c te ria /m l. 
The starvation  cham bers , Nesbit gas collection b o ttle s , w ere set up 
according to the method of Glorioso (1971) . The slide cu ltu re  method 
of Postgate and H unter (1961) was used to determ ine v iab ility . In u sing  
th is technique with b a c te r ia , a viable cell is  defined as an organism  
having  the ability  to d ivide and produce two c e lls , thus forming a 
m icrocolony. T his is  scored as one viable c e l l . The percent viable
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cells at zero hours of starvation  was considered  to be 100 percen t and 
all subsequent determ inations w ere based  upon the in itia l percen t 
v iab ility .
Each of the pathogens was grown in shaker cu ltu res in  Bacto- 
nu trien t bro th  at 30 C for 48 h o u rs . Cells and d e b ris  w ere removed 
by centrifugation at 10,000 xg for 10 m inutes, and the  supernatant 
fraction was filtered  through a se rie s  of M illipore filte rs  (2.5 m icrons 
to 0.45 m ic ro n s). The final filtrate  was sto red  at 4 C in  ste rile  g lass 
b o ttle s .
The toxic substances in  the M illipore filtered  b ro th  p reparations 
w ere partia lly  purified  by CM cellulose column chrom atography 
according to the techniques described  by  the m anufactu rer. Twenty 
ml fractions w ere collected and the toxicity  of each fraction was de te rm ined . 
Kill fractions w ere combined and concentrated to d e sired  concentrations 
by gentle heating at 70 C . These concentrated fractions w ere eluted 
with w ater through a G-15 Sephadex column and 20 ml fractions w ere 
co llec ted , and the toxicity of each fraction was de te rm ined . The ammonia 
content of all sam ples was determ ined by the method of N essler (B ailey ,
1967) . The toxicity of each preparation  was determ ined by p lacing 
individual tes t animals in the appropria te  so lu tio n s. Death of the test 
animals was considered to be a positive t e s t .
Two thousand bacteria l cu ltu res w ere isolated from the test anim als 
and maintained on B acto-nutrient agar s la n ts . T hese isolates fell into 
36 species or ta x a , and only 13 species w ere shown to be pathogenic
for frogs and tad p o les . H ow ever, only 4 of these  species showed up 
as p a rt of e ither the in te rnal o r ex ternal flora of over 50 percen t of 
the test an im als. T hese isolates w ere determ ined to be C itrobacter 
freu n d ii, Pseudomonas aerug inosa , Aeromonas liquefac iens, and a 
Flavobacterium  s p . The ability  of these  four organism s to su rv iv e  u n d er 
starvation  conditions in  ste rile  d istilled  w ater is  p resen ted  in  F igure  6 
(ap p en d ix ). At the end of four days all cu ltu res w ere  at least 50 percen t 
v ia b le . Even after 6 days of s ta rv a tio n , all c u ltu res  s till showed at least 
25 percen t v ia b ility .
A Millipore filtered  48 hour nu trien t b ro th  cu ltu re  of each of these 
bacteria  was found to be lethal to bu llfrogs and tadpoles w ithin 15 m inu tes. 
The toxic effects of the b ro th  in  which the Flavobacterium  s p . was grow n 
w ere characterized  by  convulsions and violent tre m o rs . In the o ther 
te s t system s, death was characterized  by the complete collapse of the 
tes t an im als. The re su lts  suggested the possib ility  that the toxic factor 
produced by the grow th of the Flavobacterium  s p . was a neu ro to x in , 
and the rem aining stud ies w ere concentrated on th is  o rgan ism . The 
stab ility  of the toxic factor produced by  the grow th of the Flavobacterium  
s p . in  bro th  cu ltu re  is  shown in Table 8 (appendix) .
The ammonia content of the M illipore filtered  b ro th  from the 
Flavobacterium  s p . cu ltu re  was 1000 m g /L . Nine 20 ml fractions w ere 
collected du ring  CM cellulose chrom atography and fractions 4 and 5 w ere 
lethal to bullfrogs and tad p o les . Ammonia determ inations showed that 
th e re  was only a 10 percen t reduction in  these frac tions, i . e . , a reduction
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to 900 m g /L . F ractions 4 and 5 w ere com bined, concen tra ted , and 
chrom atographed th rough  a G-15 Sephadex colum n. The elution pattern  
based on both the p ro te in  and ammonia content of the individual fractions 
is  shown in  F igure  7 (ap p en d ix ). T his elution p a tte rn  indicates that 
the toxin was eluted after the  void volume and would suggest that the 
toxin has a m olecular w eight of less  than 1500. Sephadex fractions 6 , 7 ,  
and 8 w ere each lethal for bu llfrogs and tad p o les . In two separate  ex­
perim ents the ammonia content of combined fractions 6 and 7 w ere 
equivalent to 20 mg/L and 30 m g/L with p ro tein  determ inations 
equivalent to approxim ately 400 m g/L . Sephadex fractions 6 and 7 
w ere concentrated  to 5 .0  ml and passed  through  the CM cellulose column 
for a second tim e. Twenty ml fractions w ere collected and fractions 4 and 
5 w ere again shown to contain the lethal fac to r. Ammonia determ inations 
on these fractions w ere n eg a tiv e . T his amm onia-free p reparation  was 
toxic for bullfrogs and tad p o les , bu t only after 12 hours of ex p o su re , 
and without any apparen t neurological sym ptom s.
Prelim inary attem pts to fractionate the p ro te in s of the  toxic fraction 
by density  g rad ien t centrifugation  and d isc  gel e lectrophoresis were 
u n su ccessfu l.
E scherichia co li, also isolated from the test an im als, was grown in 
nu trien t b ro th  and p rocessed  in  the same way as the Flavobacterium  s p .,  
but the resu ltin g  fractions w ere not toxic for the test an im als. These 
re su lts  a re  sum m arized in Table 9 (ap p en d ix ).
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Pseudomonas s p p . , Aeromonas s p p . , Flavobacterium  s p p . , and 
C itrobacter freundii have been reported  to be pathogenic for o ther 
aquatic anim als (S inderm an, 1970; G ibbs, 1971; and M arcus, 1971).
T hese same genera  w ere consisten tly  isolated from aquaria  w a te r , b u ll­
frogs and tad p o les , in  th is  r e p o r t . T hese bacteria  su rv ived  in  
s te rile  d istilled  w a te r, bu t in  the natu ra l environm ent decaying p lan ts 
o r waste p roducts of animal o rig in  would provide a r ich  supply  of o r ­
ganic n u tr ie n ts . T h u s , Shotts et a l . (1972) repo rted  the recovery  of 
almost p u re  cu ltu res of Aeromonas s p p . from the effluents of sewage 
treatm ent and c itru s  p rocessing  p lan ts in  central F lorida. Other 
w orkers have confirmed the ability  of a varie ty  of Pseudomonas s p p . , 
includ ing  Pseudomonas ae ru g in o sa , Pseudomonas fluorescens and other 
unnamed pseudom onads, to u tilize unusual carbon compounds as th e ir 
sole carbon source including  aliphatic and aromatic h y d ro ca rb o n s, 
a lcoho ls, p h en o ls , p las tic isers  used  in  the p lastic  in d u stry  and probably  
some pers isten t chlorinated hydrocarbon insecticides (Holden, 1970) . 
These organism s a re  thus especially  well adapted for growth and 
su rv iva l in the aquatic environm ent. With the potential for toxin p ro ­
duction as dem onstrated in  th is  re p o r t , the four pathogens could 
rep re sen t a serious th rea t to the health  of num erous aquatic an im als.
Any study on the toxic factors produced or released  by bacteria  
must account for effects of toxic nitrogenous compounds resu ltin g  from 
bacteria l m etabolism . Ammonia, dem onstrated to be a nerve  to x in , is
34
toxic for fish  at concentrations from 0.2 to 0 .5  m g/L . T hus, some of 
the lethal effects observed  in  th is  repo rt w ith the M illipore filtered  b ro th  
may have resu lted  from the rela tive ly  high ammonia concentrations (20 
m g/L) even after Sephadex chrom atography. However, since the  final 
fraction derived  from the Flavobacterium  s p . was free of ammonia, the 
toxic effects of that fraction may be the re su lt of the activity of e ither 
an exotoxin or an endo tox in . Klontz et a l . (1970) reported  a sim ilar type 
of toxin affecting f is h . A saline ex tract of v iable  Aeromonas salmonicida 
cells caused  pathological changes in  fish w hich w ere sim ilar to those 
changes seen  in  fish  d u rin g  active infections by the same o rgan ism .
T h is m aterial was subsequently  shown to be associated w ith the cell w all 
of the o rgan ism , and was fu rth e r shown to be res is tan t to treatm ent at 
121 C at 15 p . s . i .  for 30 m inutes.
H ow ever, it s till rem ains to be determ ined w hether or not the toxic 
effects associated with Pseudomonas aeru g in o sa , Aeromonas liquefac iens, 
and C itrobacter freund ii a re  due to a toxin or ammonia.
The effect of the toxic m aterials as described  in th is repo rt would 
probably  have the g rea test effect in  closed system s which might be found 
in aquaculture  o p e ra tio n s , and th is  type of bacteria l pathogenicity must 
certain ly  be considered  in  p lanning aquatic environm ents for the re a rin g  
of commercially im portant aquatic an im als.
MATERIALS AND METHODS
I . Animals
Bullfrog tadpoles (Rana catesbeiana) w ere collected from aquatic 
sources in  Central and South Louisiana. T adpoles show ing clinical 
signs of bacterial septicem ia w ere separa ted  from healthy tad p o les .
Both healthy and d iseased  tadpoles w ere  fed Purina  m innowmeal, held 
in 50 gallon polyvinyl p lastic  containers and clin ical observations 
w ere made rou tine ly .
I I . Enumeration of Bacteria
Samples of m aintenance w ater o r homogenized tadpoles w ere 
seria lly  diluted in  s te rile  d istilled  w a te r , p lated  on n u trien t agar 
and incubated at 25 C . Total b ac te ria l num bers w ere determ ined 
by the standard  plate count m ethod.
III. Antibiotic Sensitivity  T ests
Antibiotic sensitiv ity  d iscs (Baltimore Biological Laboratories) 
w ere used to determ ine which antibiotic (s) would inh ib it the growth 
of bacteria  shown to be pathogenic for tadpoles and adult bullfrogs 
(Glorioso et a l . , 1974a). The antib iotics tested  w ere te tracy c lin e , 
su lfath iazole, tr ip le -su lfa , te rram ycin , aureom ycin , streptom ycin, 
chloram phenical, and pencillin .
IV. Treatment
Experim ents w ere devised to evaluate  the effect of dim ethyl sulfoxide 
(DMSO) and /o r antibiotics on the v iab ility  of the test animals as well as
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on the bacteria l num bers w ithin the tissu es and maintenance w ater of the 
tes t anim als. U nless otherw ise ind icated , solutions of 1 percen t DMSO 
a n d /o r 100 ;ug /  ml of each antibiotic w ere used  as m aintenance w a te r .
All experim ental polyvinyl p lastic  containers in itially  housed 35 non­
fed tadpoles in  4 lite rs  of maintenance solution. The containers w ere 
cleaned daily  and the experim ental conditions re in s ta te d . Daily bacterial 
counts w ere made on 5 homogenized d iseased  tadpoles from each ex p eri­
mental condition . Tadpoles w ere homogenized by a Sorvall Omnimixer 
in 45 ml of s te rile  d istilled  w ater.
V . Animal Health
Animal health  was evaluated on the basis  of g ross pathology. The 
p resence  of derm al abscesses w ith edema and hem orrhag ing , hem orrhagic 
l iv e r , hem orrhagic k idney , hem orrhagic and en larged  sp leen , and in ­
testina l wall hem orrhaging w ere each scored as o n e , and a cumulative 
point value was determ ined for each anim al. No gross pathology was 
reg a rd ed  as a zero sco re .
V I. S tatistical Analyses
The data w ere analyzed using  analysis of V ariance. Completely 
random ized designs w ere used in all experim en ts, incorporating  
factorial arrangem ents of treatm ents when app licab le . To satisfy the 
assum ption of homogeneity of v a ria n c e s , square  root transform ations 
of the data w ere u s e d .
RESULTS
A combination of te tracycline  and sulfathiazaole was found to 
effectively inh ib it the grow th of all b acteria l pathogens te s te d . This 
antibiotic combination was then used  in  trea tin g  diseased tadpoles by 
in troducing  100 n g  /  ml of each antibiotic into the m aintenance w a te r .
F igure 8 shows the re su lts  of th is  trea tm en t. Within 10 days all un treated  
anim als w ere lost w hile only 34 percen t of the  antibiotic trea ted  animals 
succumed to bacteria l d ise a se . The m ajority of deaths in the treated  
group occurred  w ithin the f irs t 24 hours of treatm ent presum m ably 
before the antibiotics could affect the bac te ria .
In an attempt to increase  the efficiency of the  antibiotic trea tm en t, 
dimethyl sulfoxide (DMSO) an agent dem onstrated to increase  the tran spo rt 
of m aterials into cells and anim als was in troduced into the test sy stem .
The toxicity of DMSO for tadpoles was determ ined by p lacing 
healthy tadpoles into containers w ith 20 p e rc e n t, 4 p e rc en t, and 1 percen t 
DMSO for 24 h o u rs . Duplicate con ta iners had antibiotics in  addition to 
the DMSO. Table 10 shows the  percen t lo sses in  v iability  resu ltin g  from 
these  trea tm en ts . Although ccncentrations of DMSO above 1 percen t 
proved to be to x ic , solutions of 1 percen t DMSO alone or with antibiotics 
had no apparent ill effects on healthy tad p o les . T h u s , solutions of 1 percen t 
DMSO a n d /o r  antibiotics w ere used in  trea tin g  d iseased  tad p o les .
The decrease  i” tadpole m ortality resu ltin g  from antibiotic treatm ent 
a lone , as shown in F igure  8, may have been due to the effect of the
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Figure 8. A comparison of the percen t loss in  v iab ility  among antibiotic 
treated and nontreated d iseased  bullfrog  tadpoles
Table 10. The effects of DMSO and antibiotics on the v iability  of healthy tadpoles
TREATMENT
20% DMSO 20% DMSO plus 
antib iotics a
4% DMSO 4% DMSO plus 
antibiotics
1% DMSO 1% DMSO plus 
antibiotics
Water
Percent
Viability 0 0 30 20 100 100 97
a100 pg/m l each of te tracycline and sulfathiazole
*v
treatm ent on the bacteria  w ithin the m aintenance w ater o r on bac te ria  
w ithin the tadpole itse lf. T herefo re , the  changes in total bacteria l 
num bers within the trea ted  m aintenance w ater w ere eva lua ted . D iseased 
tadpoles w ere placed in  solutions of DMSO a n d /o r antib iotics u n d er both 
fed and non-fed cond itions. In add ition , the  changes in  total bacteria l 
num bers in  flowing w ater (600 ml /  m in.)  w ere determ ined for both fed 
and non-fed tad p o les . F igure  9 shows the re su lts  of these experim en ts.
The re su lts  indicate that u n d er both fed and non-fed cond itions, flowing 
w ater was significantly  (P < . 05) more effective in reducing  bacteria l 
num bers in  the w ater than DMSO antibiotic trea ted  nonflowing w a te r .
B acterial num bers w ere significantly  (P< .05) low er after 48 hours u n d er 
trea ted  or un trea ted  non-fed conditions when compared w ith fed conditions. 
Under both fed and non-fed static  w ater cond itions, DMSO significantly  
(P ^ .05) increased  the bacteria l num bers after 48 h o u rs . O verall, the 
p resence  of DMSO a n d /o r antibiotics in  the w ater d u rin g  the firs t 24 hours 
had no significant effect on bacteria l num bers in the w a te r .
Since DMSO a n d /o r antibiotic treatm ent did not significantly  reduce  the 
num ber of bacteria  in the m aintenance w a te r , the effects of the treatm ent 
shown in  F igure 8 w ere surm ised to have an effect on bac teria  w ithin the 
diseased anim al. F igure 10 shows the changes in  bacteria l num bers within 
DMSO an d /o r antibiotic trea ted  tadpoles over a 4-day p e rio d . D uring the 
first day , all conditions, except DMSO trea ted  tad p o les , showed a s ig n i­
ficant (P<.01) decline in bacteria l num bers within the whole anim al. At 
the end of 4 d ay s , treated  tadpoles had significantly  (P< .05) low er num bers
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of bacteria  than un trea ted  an im als.
The decline in  bacteria l num bers w ithin the whole animal may have 
resu lted  from a reduction  in  in testinal flora due to combinations of 
trea tm en t, s ta rv a tio n , and ex cre tio n . H ow ever, bacteria l pathogens 
which res id e  w ithin the tis su e s  and contribute to the septicem ic condition 
may not have been affected . T h ere fo re , changes in total bacterial 
num bers w ere evaluated in  d iseased  tadpoles in  which the lower in ­
testinal trac t had been su rg ica lly  rem oved. These groups of animals 
w ere subjected to treatm ent solutions of 3 percen t DMSO, p lus 1000 jag /  ml 
of each antibiotic and to 1 percen t DMSO a n d /o r antibiotics at 100 jug /  m l.
F igure  11 shows the  changes in  bacteria l num bers over a 7-day p e rio d . 
O vera ll, the bacteria l counts w ithin the whole tadpole w ere in itially  
4-6 times g rea te r than  in  anim als in  which the lower in testinal trac t had 
been rem oved . A pparen tly , the major losses in  bacteria l num bers in the 
whole animal w ere due to losses in  in testinal bacteria l num bers.
With the exception of the 48 hour sam pling tim e, tadpoles treated  w ith 
3 percent DMSO plus 1000 jug /  ml each antibiotic had significantly  (P<  .01) 
g rea te r num bers of b ac te ria  p e r  gram of tissue  than all o ther trea tm en ts . 
Fourteen anim als died d u rin g  the treatm ent period  and w ere replaced by 
9 additional d iseased  tad p o les . The replacem ent of d iseased  tadpoles for 
dead ones likely accounts for the decrease  in num bers at 48 h o u rs .
F igure 12 indicates that averaged across tim e, all o ther treatm ents resu lted  
in significantly (P<.01) few er num bers of b acteria  pe r gram of tis su e .
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tadpoles treated  w ith DMSO a n d /o r  antibiotics averaged across the time period of treatm ent
After 24 hours tadpoles trea ted  with antibiotics GOO p g  /  ml each) 
alone o r with 1 percen t DMSO p lu s antibiotics (100 p g  /  ml each) had 
significantly  (P < . 05) low er num bers of tissu e  bacteria  than did  un ­
trea ted  tad p o les . A veraged across time tadpoles trea ted  w ith 1 percen t 
DMSO plus antibiotics had significantly  (P C .05) few er num bers of tissue  
bacteria  than any o ther group te s te d , how ever, th is d ifference was not 
ev iden t after 7 days of trea tm en t.
F igure 13 shows the changes in  animal health over the 7-day p e rio d .
At the end of 7 days of treatm ent, tadpole health  was significantly  (P< .05) 
im proved in  all cases except those which w ere trea ted  w ith 3 percen t DMSO 
and an tib io tics. The most dram atic improvement in  health  was dem onstrated 
by tadpoles trea ted  w ith antibiotics a lone . Although the combined DMSO 
and antibiotic treatm ent lowered tissue  num bers of bac te ria  more than 
o ther trea tm en ts , the o rgans of these anim als showed more gross pathology 
and w ere unusually  soft and lacked s tru c tu ra l in te g r ity .
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DISCUSSION
Antibiotics adm inistered by stomach tube have been successfully  
used in other laboratories in  the treatm ent of adult frogs (Gibbs et a l . ,  
1966), however th is  method is  im practical for trea ting  large  num bers of 
d iseased  an im als. F u rtherm ore , since bacterial septicem ia in  Louisiana 
bullfrogs was especially  fatal to bullfrog tadpo les, the need for im proved 
methods of treatm ent became ev id en t.
Before antibiotic treatm ents can be successfully  ca rried  o u t , an ti­
biotic sensitiv ity  studies should be  perform ed to in su re  that clinically 
im portant bacteria  will be attacked within the anim al. Although te tra ­
cycline and sulfathiazole proved to be an effective combination in in ­
h ib iting  the growth of all b acteria  previously  shown to be pathogenic 
for the Louisiana bullfrog (Glorioso et a l . ,  1974a), it should be em phasized 
that the an tib io tic(s) of choice may vary  from epidemic to epidem ic.
The re su lts  indicate that after 24 h o u rs , the bacterial num bers in 
flowing w ater containers are  significantly lower than in static  w ater 
containers despite  treatm ent with DMSO an d /o r an tib io tics. Since tad­
poles can be infected by free liv ing  pathogens which can be found in the 
aquatic environm ent, the isolation of healthy tadpoles in flowing water 
containers to in su re  low num bers of environm ental pathogens should be 
an in itial disease prevention m easure.
Tadpoles showing clinical s igns of bacteria l septicemia should be 
detected early  and isolated in static w ater co n ta in e rs . The containers
48
should be cleaned and trea ted  w ith 100 >ug I  ml of each antibiotic d a ily . 
This would preven t the accumulation of b ac te ria , expose the animals 
to the antibiotic th e ra p y , and reduce  the expense one would encounter 
in  a flowing w ater system . T his method is  supported  by  the reduction  
in  diseased tadpole m ortality among antibiotic trea ted  populations.
After 24 hours of trea tm en t, antibiotics had no effect on environm ental 
bacteria l n u m b ers , although they d id  significantly  reduce  bacterial 
counts w ithin both the in testinal trac t and tissu es of the test anim als.
In add ition , the overall health  of the antibiotic treated  tadpoles was more 
rap id ly  improved than u n der nontreated cond itions. The m ajority of 
deaths among both the antibiotic treated  and un trea ted  tadpoles 
occurred  d u rin g  the f irs t  24 h o u rs , and the un trea ted  anim als continued 
to show m ortalities throughout the observation p e rio d .
Feeding d iseased  tadpoles d u rin g  treatm ent is  undesirab le  since 
the increased  amount of organic m aterial in  the w ater supports the 
rap id  growth of free liv ing  pathogens desp ite  the p resence of an tib io tics . 
M oreover, the starvation of larval anim als in the la tter stages of deve­
lopment increases the ra te  of metamorphosis and apparently  does not 
create  starvation s t r e s s .
The use of DMSO is contraindicated because it proved to be e ither 
harmful to the animal o r did not increase  the overall effectiveness of the 
antibiotic trea tm en t. The general health of tadpoles treated  w ith DMSO 
appeared to be worse than untreated  or antibiotic trea ted  tad p o les . In
addition , DMSO has been shown to concentrate in the thyro id  gland of 
tadpoles and inhib it thyroxine p roduction , a  hormone essen tia l to 
m etamorphosis (Hammerman and R itterm an, 1969) .
Our experience with bacteria l d isease  among tadpoles has shown 
that simple precautions such as clean co n ta in e rs , flowing w ater and 
p ro p er d iets can significantly  reduce outbreaks of epidem ics among 
crow ded populations. H ow ever, despite  these p recau tio n s , if members 
of a population begin  show ing clinical s ig n s , they must be separated  
from healthy animals and treated  immediately.
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Figure 4. (appendix) Identification of motile gram negative bacilli lacking
cytochrome oxidase
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Figure 5. (appendix) Identification of nonmotile gram negative bacilli
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Table 1. A verage num ber of bac te ria  isolated from specific tissu es  and
m aintenance w ater of d iseased  Rana ca tesbeiana .
Group I (5) a Group II (5)
T issue tad p o les , m etam orphosing adult frogs 
tad p o le s , and juveniles
num ber of b ac te ria /m l.
heart blood 3.2 x lO4 4.1 x 104
lymph 2.1 x lO3 1.3 x lO4
peritoneal exudate 1.4 x lO6 3.9 x 105
spinal fluid 2 .0  x lO1 0.8 x lO1
maintenance w ater after 24 h r s . 5 .0  x  10® 9.0 x 105
num ber of b ac te ria /g m .
alim entary trac t 8.6 x108 2.5 x109
fat body 2.0 x 107 6.1 x 107
gall b ladder 0.4  x 101 3.7 x 101
kidney 2.7 x104 1.9 x 105
liver 4.9 x 101 2.0 x 103
lung 1.5 x 101 1.3 x 101
muscle 5.5 x 104 1.9 x 104
spleen 5.5 x 104 1.4 x 105
anum ber of animals te s te d .
Table 2. A com parison of two C orynebacteria isolated from septicem ic
aquatic anim als.
C haracteristic Frog Isolate F ish  Isolate
Growth
slow + +
15 c + +
37 C -  . -
facultative anaerobe + +
motile - -
hemolytic - -
size (0 .3 -0 .5X 0 .5 -1 .tyi) + +
ferm entation reactions 
(acid /no  gas)
arabinose - -
sucrose - +
lactose - +
mannitol - +
sorbito l - +
fructose + NDa
insu lin - -
glucose + +
maltose ND +
n itra te  reduction - -
c itra te  utilization - ND
H2S production -  ■ -
indole production - -
reaction of litm us milk NCb ND
5% NaCl b ro th  (grow th) + ND
reaction on m ethlylene blue milk NC ND
methyl red - +
V oges-P rauskauer - -
catalase + +
sta rch  utilization - ND
gelatin  liquefaction
'
anot done 
b no change
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Table 3. Pathogenic bac teria  isolated from the heart blood of d iseased
Rana catesbeiana.
Group I (64)a Group II (76)
Organism tadpo les, metamorphosing 
tadpo les , and juveniles
Adult frogs
Aeromonas hydroph ila lb (2)c 4 (3)
Aeromonas shigello ides 5 (8) 6 (7)
C itrobacter freundii 18 (28) 12 (17)
Flavobacterium  sp . 18 (28) 57 (75)
Mima polym orpha 21 (33) 65 (85)
Proteus m irabilis 39 (61) 8 (11)
Proteus m organii 7 (U ) 0
Proteus re ttg e ri 2 (3) 0
Proteus v u lg aris 38 (60) 10 (13)
Pseudomonas aerug inosa 8 (13) 19 (25)
Pseudomonas fluorescens 7 (11) 17 (23)
Pseudomonas putida 7 (11) 21 (27)
Pseudomonas sp . 0 10 (13)
a num ber of anim als tested
^num ber of anim als in which the bacteria  w ere found 
cpercen t of total num ber of anim als tested
Table 4. Nonpathogenic bacteria  isolated from diseased  Rana catesbeiana
Organism
Group I (64)a Group II (76)
tadpoles, metamorphosing 
tadpoles, and juveniles
adu lt frogs
Achromobacter s p . 3d (5)c 20 (26)
A lkaligenes faecalis 3 (5) 20 (26)
Bacillus cereus 56 (88) 31 (41)
Bacillus megaterium 6 (9) 2 (3)
Bacillus sphaericus 1 (2) 5 (6)
Corynebacterium  sp . 14 (22) 60 (71)
E nterobacter sp . 41 (64) 53 (70)
E scherichia coli 9 (14) 9 (12)
Gaffkya sp . 18 (28) 10 (13)
Klebsiella sp . 1 (2) 2 (3)
Micrococcus sp . 4 (6) 6 (7)
Pectobacterium  sp . 6 (9) 9 (12)
Proprionibacterium  sp . 0 3 (4)
Pseudomonas alcaligenes 5 (8) 7 (9)
Pseudomonas pseudoalcaligenes 0 2 (3)
Sarcina lutea 1 (2) 3 (4)
S erra tia  sp . 16 (25) 4 (3)
Shigella sp . 6 (9) 2 (3)
Staphylococcus aureus 0 3 (4)
d u m b e r  of animals tested
^num ber of animals in  which the bacterium  was found 
°percen t of total num ber of animals tested
Table 4. (Continued) Nonpathogenic bacteria  isolated from diseased
Rana catesbeiana.
Group I (64)® Group II (76)
Organism tadpo les , m etam orphosing adu lt frogs
tadpo les, and juveniles
Staphylococcus epiderm idis 5 (8) 12 (16)
Streptococcus sp . 47 (73) 61 (80)
Vibrio s p . 2 (3) 2 (3)
unclassified  gram neg . bacilli 0 2 (3)
anum ber of animals tested
^num ber of animals in  which the bacterium  was found 
cpercen t of total num ber of anim als tested
Table 5. E rythrocyte and leukocyte total counts and leukocyte differential counts from healthy 
and diseased bu llfrogs.
Cell Type
Healthy a 
Average (range)
Diseased a 
A verage (range)
Level of 
Significance
E rythrocytes 285 (140-595) 207 (105-360) P <  .01
Leukocytes 3.85 (3 .0 -4 .8 ) 7.65 (5 .4-9 .85) P <  .01
Lymphocytes 60 (42-77) 61 (41-82) N . S . b
N eutrophiles 19 (7-31) 22 (8-36) P <  .10
Monocytes 9 (2-16) 12 (1-23) P < .10
Eosinophiles 9 (0-18) 6 (0-12) N . S .
Basophiles 7 (0-15) 5 (0-10) P <  .01
avalues from 50 frogs 
b not significant
Table 6. Dimensions of blood cells from healthy and diseased Rana catesbeiana .
Cell Type
Healthy a 
Average (range) b
Diseased a 
Average (range) b
Level of 
Significance
E rythrocyte 2.21 ^ (1.49-4.45) 2 . 4 4 c (1.&2-4.65) P 4  OS"'
E rythrocyte nucleus 2.07 c (1.20-3.74) 2.03c a . 39-3.20) N .S . e
Thrombocyte nucleus 1.96 c (1.52-2.49) 2 .05°  a . 37-3.25) N.S .
Small lymphocyte 8 . 8 d (6.40-11.0) 7.1 d (5.4-9.4) P <  .01
Large lymphocyte 15.1 (11.2-23.5) 12.5 (10.8-14.8) P <  .01
Neutrophil 16.8 (12.2-23.6) 15.0 (10.8-18.5) P <  .10
Monocyte 16.1 (12.8-22.0) 14.5 (10.8-17.8) P <  .10
Eosinophile 17.2 (12.5-23.2) 13.5 00.8-17.2) P <  .05
Basophile 11.3 (7.7-16.4) 9.3 (6.9-16.0) N.S.
‘Values from 50 frogs enot significant
b • microns
caxial ratio
^diameter
Table 7. Serum biochem istries of healthy and d iseased  Eana catesbeiana . 
Serum biochem istry Healthy d__________________ D iseased d_________
creatine  phosphokinase8 107; 33
alkaline phosphatase8 6; 25
serum  glutamic a 
oxalacetic transam inase
total protein
globulin*3
cholesterol6
glucose6
u rea  n itrogen0
calcium0
phosphorus0
30; 95;75
2.5
1.0;1.4
55
15
11.2; 6.5
7.6;2 .6
333;272 **
11; 15; 19 
185; 200;195 * 
4.6; 5.1 
1.9;2.3 
75; 90 
15; 15 
0; 4; 3
13.5;11.1; 7.0 
7.4; 6 .0 ;5 .2
*P <  .05 
**P <  .01
units
3
gms p e r 100 ml serum
'mg p e r  100 ml serum  
i
each value rep re sen ts  a pooled serum  
sample from 5 frogs
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Figure 6. (appendix) Viability of the four pathogenic bacteria  in  g lass d istilled  w ater <2<0
Table 8. Stability of the toxic factor (s) produced by  the growth of the 
Flavobacterium s p . in B acto-nutrien t b ro th .
Treatm ent of M illipore F iltered  Broth Toxicity for tadpoles
Freeze-Thaw (5 x) +
4 C for one week +
25 C for one week +
60 C for one hour +
121 C at 15 p . s . i .  for 30 m inutes +
pH 4 - 10 +
Dialysis -
PR
O
TE
IN
 
(m
cg
m
/m
l)
- 1 0 0 05 0 0 -
- 8 0 04 0 0 -
am m oniaPROTEIN
- 6 0 03 0 0 -
200 -
1 0 0 - "200
18 2 016140 8 0 126 «
FRACTION NO.
Figure 7. (appendix) Elution pa tterns from Sephadex G-15 column
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Table 9. Lethal effects of bacteria l p roducts on bu llfrogs and tadpoles
Number of Deaths out of Five Animals
Preparation Frogs Tadpoles
M illipore F iltered  Broth C ulture
Pseudomonas sp . 5 5
Aeromonas sp . 5 5
C itrobacter freundii 5 5
Flavobacterium  sp . 5 5
Escherichia coli 0 0
CM Chrom atography Fractions 4 and 5
Flavobacterium  sp . 4 5
(900 mg/L ammonia)
Sephadex Chrom atography Fractions 6 and 7
Flavobacterium  s p . 5 5
(20 mg/L ammonia)
CM Chrom atography Fractions 4 and 5
Flavobacterium  sp . 5 5
(no ammonia)
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